lives lost, as well as the amount of fear, misinformation, and stigma that Ebola generated worldwide, reflected the severity of the epidemic.
Although CDC has worked with partners to develop and implement communication messages and products for international groups of intended recipients during many other public health emergencies and responses, some difficulties faced in the Ebola response in West Africa were different from those faced during previous, smaller occurrences (e.g., responding to fear of Ebola as it spread for the first time in densely populated urban settings in a region unfamiliar with the disease) (2) . CDC supported the domestic and international responses by providing timely, customized messages for groups of recipients in West Africa and in the United States so communities could understand how to protect themselves and journalists could report accurate information quickly. CDC needed to depict information differently for each group: more abstractly for those in the United States and more literally for those in West Africa. For example, symptoms of Ebola were illustrated differently for each group (3). CDC's communicators worked closely with counterparts in West Africa and in the United States to develop core messages that could be customized for different countries and groups during different phases of the response. Experts in communication, education, anthropology, and behavioral science helped support the ministries of health (MoHs) in the countries in West Africa most affected by Ebola, as well as partners to ensure that communities could obtain the information they needed to protect themselves through multiple channels (e.g., radio, cell phone text messages, posters and billboards, and face-to-face visits).
CDC has supported successful responses to Ebola for almost 40 years, since the first recognized outbreak of Ebola in Zaire in 1976, but those outbreaks occurred in remote areas of East and Central Africa, were small, and usually were contained quickly (4). The size and scope of the West African epidemic were unprecedented (5) . At the start of the response, CDC's communication products were complex and text-based and did not contain much information that persons could act on to protect themselves from getting Ebola (6) . As media coverage of Ebola, and the spread of the disease itself, expanded, the public's need for information outpaced the ability of public health officials to respond (7) . When the first case of Ebola was diagnosed in the United States in Dallas, Texas, the U.S. public's resulting fear was disproportionate to the actual risk (8) . In contrast, in West Africa, lack of understanding that germs spread disease led to belief that Ebola had causes other than a virus (e.g., witchcraft); this lack of understanding initially hindered public health efforts and contributed to the spread of the disease (9, 10 
Communicating in West Africa
Before the 2014-2016 Ebola epidemic, Guinea, Liberia, and Sierra Leone did not have the public health infrastructure and corresponding risk communication experience needed for this epidemic. These countries had never experienced a case of Ebola, and the world had never seen an epidemic of this magnitude; collectively, the global public health community lacked experience in how to address this epidemic (11, 12) . Differences in governments, cultures, religions, languages, and tribes made having a single communication approach nearly impossible. Adding to these difficulties was a strong tradition of oral communication and a need for clear and literal illustrations that were also culturally appropriate. To be useful, communication materials had to be customized to accommodate different literacy levels, languages and dialects, and beliefs.
The number of languages and dialects spoken in the three countries that were most heavily affected demonstrates one impediment to communicating with West Africa's diverse populations. Guineans speak an estimated 36 languages comprising 59 dialects; Liberians an estimated 31 languages comprising 100 dialects; and Sierra Leoneans an estimated 25 languages comprising 76 dialects (13) . Each country has an official language that was used for nationwide messaging (English for Liberia and Sierra Leone, French for Guinea), but many West Africans speak the official language as their second or third language (14) , and literacy levels are among the lowest in the world. Literacy levels among persons aged ≥15 years forinformation on how they were interpreting messages, or the types of attitudes and values that needed to be activated to support behavior change (17) .
Before this epidemic, Ebola was unknown in West Africa and so did not seem real for many persons until their family members and neighbors died of the disease (18) . CDC and partners had to address beliefs that Ebola was caused by witchcraft or by something other than a virus; mistrust of outsiders; and cultural practices that contributed to the spread of the virus before responders could effectively implement public health interventions that are known to stop an outbreak (18) . Instances of disbelief in Ebola, coupled with strong cultural traditions (e.g., caring for the sick at home, seeking care from traditional healers, washing and burying the dead) increased the risk for Ebola transmission (19) (20) (21) . Fear, stigma, and superstition also complicated implementation of standard public health practices. Residents hid the sick and fled communities, breaking quarantine, because of social stigma surrounding Ebola; this stigma even extended to survivors who were no longer contagious but were still shunned by their communities. In addition, ill persons avoided Ebola treatment units and ambulances because they feared dying of Ebola, turned to traditional healers to counter what they believed to be witchcraft, and at times defied recommendations from public health authorities because of fear that those authorities were responsible for spreading Ebola through apparent cause and effect (2, 22) .
Lack of effective dialogue with communities and lack of public health resources early in the response inflamed public distrust of authorities (23) and outsiders. For example, the government of Liberia advised persons with symptoms of Ebola to seek immediate care at hospitals and clinics, but these facilities lacked sufficient numbers of beds and trained staff to care for the rapidly growing number of sick persons (24) . CDC medical anthropologists supported response teams with rapid field assessments of community perceptions to guide message development and culturally appropriate information delivery (CDC, unpublished data, 2015).
Changing the behaviors that fueled the epidemic required each country to develop its own approach for adapting traditions and promoting protective actions that often ran counter to fundamental beliefs and day-to-day practices. In one example from Liberia, President Ellen Johnson Sirleaf expressed a national goal to have no new cases of Ebola by Christmas 2014. In just 8 days after this announcement, CDC and partners worked with the Liberian Ministry of Health and Social Welfare to rapidly launch a national communication campaign, Ebola Must GO, based on specific interventions demonstrated to stop Ebola (25). By that time in the response, adequate Ebola treatment unit beds, ambulances, and rapid response teams were available in Liberia, so the campaign focused on protective actions that persons could take until help arrived. The campaign included the message "Stopping Ebola is Everybody's Business" (25), which was a twist on a Liberian taboo: Che-che-polay (i.e., being a busybody). To address this taboo, this message in the campaign was designed to encourage persons to connect with their neighbors to show caring and to strengthen their community.
In another example from Sierra Leone, in mid-2014 the public was initially inundated with complex information about Ebola transmission (CDC, unpublished data, 2015). Recognizing the need to simplify and coordinate messaging, CDC and partners worked with the Sierra Leone National Ebola Response Centre to launch the Ebola Big Idea of the Week campaign on November 10, 2014. Approximately 80 radio, television, and print journalists from across the country were trained by experts on critical communication topics from CDC and other partner organizations. The campaign focused on one culturally sensitive message each week (e.g., practicing safe burials, getting early treatment, supporting survivors to defuse stigma), engaged official and unofficial spokespersons, and used a wide range of available communication channels. This media campaign was extended through October 2015 and complemented numerous social mobilization and community engagement efforts.
In Guinea, coordinated communication strategies addressed cultural differences and focused on identifying trusted local spokespersons and Ebola survivors who could relate to diverse communities. These spokespersons were paired with Frenchspeaking staff members from CDC and partner organizations to convey messages about protective behaviors and the need for changes in established traditions to avoid further spread of disease. Messages were adjusted for a specific community and were provided to trusted community members who in turn conveyed the messages to ensure greater attention and adherence to recommendations (26) .
All of these activities were conducted in the context of a coordinated global communication effort that included CDC working with in-country partners, such as MoHs, humanitarian aid organizations, and other international partners. This response spanned many countries and numerous stakeholders, each with its own culture, allegiances, way of offering support, and experience in West Africa. Central to the response was collaboration with these partners to deliver coordinated messages and avoid duplication of effort while respecting individuals and communities. US Department of Health and Human Services/Centers for Disease Control and Prevention
Communicating in the United States
Before the West Africa epidemic, Ebola was perceived in the United States as a distant threat that the media and entertainment industries had dramatized (27, 28) . When two infected U.S. clinicians who had worked in Liberia were brought to the United States for treatment in August 2014, some Americans questioned the wisdom of bringing patients with Ebola to the United States; they believed themselves to be at risk for the illness from those patients (29) , and media reports and traffic to the CDC Ebola website soared (Figure) . Around-the-clock news coverage of the escalating Ebola crisis reinforced and heightened public concern to the point of alarm when patients came to the United States (30, 31) .
Although the risk for Ebola transmission in the United States was low, the U.S. public began to view the disease as a serious threat to the nation's health and security (32) . The fear of a U.S. epidemic required a massive communication effort by CDC, larger than for any previous emergency response. To address this fear, messages intended to reassure (e.g., U.S. hospital capacity to manage a case of Ebola) and reduce anxiety increased confusion and mistrust when Ebola developed in two U.S. hospital workers (33) .
As news of the epidemic in West Africa spread and aid workers returned to the United States, so did fear, and the rumors and stigma that arose from it affected both returning aid workers and persons from Africa living in or visiting the United States (34) . Many Ebola responders faced hostility upon their return from West Africa; were ostracized by friends, families, and communities; and felt the effects of stigma at work or elsewhere (CDC, unpublished data, October 2015). For example, when some states indicated they would impose mandatory 21-day quarantines for health care workers returning from West Africa, the American Nurses Association urged "authorities to refrain from imposing more restrictive conditions than indicated in CDC guidelines, which will only raise the level of fear and misinformation" (35).
An assistant principal was asked to stay home from school for 21 days because she visited South Africa, approximately 5,000 miles away from the epidemic (36) . In one state, parents would not allow their children to go to school because the principal had attended a funeral in Africa, even though that part of Africa did not have Ebola cases (37) . In response to fear of Ebola that extended to CDC staff returning from West Africa, CDC and the Georgia Department of Public Health jointly wrote a guidance letter to Georgia educators (38) . This letter explained Ebola transmission and reassured Georgia educators about the measures being taken to protect their safety. The letter encouraged Georgia schools to allow children of asymptomatic travelers returning from countries affected by Ebola to continue attending class and encouraged the return to school of faculty or other school workers who had traveled to West Africa and were asymptomatic. Universities canceled speaking engagements for persons who had recently visited West Africa (39) . ABC News' chief medical correspondent and former CDC Acting Director Richard Besser, MD, was asked to conduct a talk through Skype, rather than speak in person, at a conference after he returned from Liberia. Dr. Besser said, "The level of risk posed by my appearance was vanishingly small, but fear won anyway. I turned them down. I did not want to feed the idea that anyone who has been to West Africa, even if not sick, poses a risk. You cannot catch Ebola in a lecture hall hearing about the power of communication during a public health crisis. What we need to do is communicate, as strongly and as often as we can, what the real risks are and aren't" (40) .
FIGURE. U.S. news media stories* and CDC Ebola webpage † views, by day -July 21-
During the Ebola response, the media and the public challenged simple health risk messages. The lack of relevant messages about actions the public could take to protect itself led to speculation that resulted in rumors and seeking of cures or other protective measures. For example, in November 2014, news media erroneously reported that CDC quarantined a Texas turkey farm because the turkeys were infected with Ebola (41). Other rumors capitalized on the public's fear by promoting cures (e.g., vitamin C) (42-44) and selling products marketed as Ebola prevention (e.g., Ebola virus protection kits) (43, 45) . Calls and e-mails flooded CDC; for example, during October 2014, CDC-INFO received 24,827 calls and e-mails compared with 1,801 during September 2014. These inquiries asked whether mosquitoes could spread Ebola; expressed concerns about Ebola virus in products from Africa (e.g., soap, food); and suggested remedies for Ebola (e.g., soda, herbal teas and garlic) (CDC, unpublished data, 2014). CDC continually addressed these rumors with additional communication products and messages that sought to counter fears of Ebola spreading through handshakes, pets, or mosquitoes, for instance, with facts about transmission (46) .
To outpace the fear-based messages on the news and social media sites and in communities in the United States, CDC and partners worked to educate a wide range of specific groups, including clinicians, school administrators, airport staff, businesses and their employees, West Africans in the United States, and community organizations. The challenge was to balance the communication needs of persons most likely to contact a person with Ebola (health care workers, travelers to outbreak countries) and the anxiety Ebola caused for persons at little or no risk. CDC held Twitter and Facebook chats; produced infographics, fact sheets, videos, public service announcements, podcasts, and guidelines at an unprecedented pace; and handled many interactive public events (e.g., press briefings), interviews, and telephone and e-mail inquiries from the media and the public. CDC engaged with persons and organizations representing West Africans living in the United States through regular conference calls on health protection messages that they were then encouraged to share with family and friends in their home countries. These activities, along with the containment of Ebola cases in Dallas and New York City, corresponded with a decrease in information seeking, as shown by webpage views decreasing despite high media interest (Figure) . The response in the United States required intense focus to ease public concern at the same time CDC's human resources were stretched as health communicators, educators, and others deployed to West Africa, sometimes multiple times.
Lessons Learned
For almost 40 years, since the 1976 Ebola outbreak in Zaire, CDC has responded to Ebola outbreaks. However, the 2014-2016 epidemic in West Africa pushed the limits of CDC's knowledge and ability to communicate necessary information, not only in West Africa but also in the United States and globally. Working partnerships with MoHs and other local counterparts in West Africa were essential, as were collaborations with numerous U.S. partners, including many federal, state, and local agencies.
In societies where news outlets need to fill 24 hours every day and social media channels make reporting almost instantaneous, new strategies may be needed in the application of risk communication principles to avoid an information void that, in the absence of a constant flow of clear, science-based messages, becomes filled with speculation (47) .
Response to this epidemic also required integration of health promotion and anthropology with more traditional public health functions. Anthropologists are experts in cultural knowledge; their role as cultural translators benefitted this public health crisis. Earlier inclusion of anthropologists into the 2014-2016 Ebola response might have facilitated earlier community involvement and insight into factors contributing to resistance to public health interventions (e.g., the need to formally engage traditional leaders and community volunteer groups).
Some of CDC's more memorable campaigns during the response involved engaging groups (e.g., journalists and local leaders in affected communities) as part of the life-saving message development and delivery effort, rather than simply as receivers of information. Understanding these audiences' perspectives and actively engaging them in finding solutions was critical. Likewise, establishing strong partnerships with other organizations (e.g., those serving West African communities living in the United States) ultimately expanded the reach of public health messaging when broad reach was essential to slowing disease transmission (19) .
During this response, information about Ebola constantly evolved, and health communication messages and products needed to keep pace. For example, as the response unfolded, new developments in vaccines and therapeutic drugs (48) and increasing evidence of viral persistence in body fluids of survivors and of possible sexual transmission (49,50) required new messages. Responding agencies, such as CDC, need to recognize and acknowledge publicly that a key component of accurate messaging (i.e., scientific knowledge) will evolve during any response.
CDC had to balance rushing critical communication resources to Guinea, Liberia, Mali, Nigeria, and Sierra Leone to help spread life-saving health protection messages with maintaining the resources needed domestically to assuage fears when Ebola was diagnosed in this country. The agency learned that it had to devote sufficient attention and resources to each front, a lesson it must apply in future global epidemic responses. For CDC to adequately support MoHs and partners during large outbreaks, it needs a large enough pool of health communication specialists, health educators, and behavioral scientists who have the training (in incident management systems, plain language communication, risk communication, and cultural competency) and readiness (fluency in local languages, predeployment training, and vaccinations) required to deploy.
Finally, CDC and other response partners must continue to adhere to plain language and clear communication standards, including revising materials to meet the needs of each group of intended recipients. To address the difficulties presented by the specific needs of local populations, CDC must collaborate with partners to build and share a coordinated body of communication-based research, demographic data, and information about how communities in different countries understand and process information.
Conclusion
Communication is an essential part of sustainable preparedness and long-term global health security. The Ebola epidemic demonstrated that tailored, culturally appropriate communication is one of the first activities responders use as new threats emerge, especially when public fear outpaces information that persons can use to protect themselves (51) . Behavioral and communication sciences also are essential to persuade the public to suspend traditions, entrust their sick family and friends to strangers, and remain in isolation to protect themselves and others, even during critical times such as harvests.
This epidemic increased global knowledge about Ebola and resulted in the need for communication about newly discovered information, particularly related to survivors. New messaging about the possibility of sexual transmission from survivors, family planning, and maternal health is continuously being developed and updated to reflect the latest scientific data and needs to be balanced with reducing stigmatization of survivors. CDC communication developed for this response will continue to provide information for global health security capacity building long after the end of the West Africa Ebola epidemic; going forward, culturally appropriate risk communication and health promotion need to be central to this work.
